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,Q LQVHFWV \RON SUHFXUVRU SURWHLQV DUH V\QWKHVL]HG
DQG VHFUHWHG IURP WKH IDW ERG\ ZKLFK LV
DQDORJRXV WR WKH PDPPDOLDQ DGLSRVH WLVVXH DQG
OLYHU *LRUJL HW DO  +DXQHUODQG DQG 6KLUN
 &LUFXODWLQJ \RON SURWHLQV DUH VXEVHTXHQWO\
LPSRUWHG LQWR JURZLQJ RRF\WHV YLD UHFHSWRU
PHGLDWHG HQGRF\WRVLV 7HOIHU  )OHLJ 
7DQDND DQG +DUWIHOGHU  7KH KRQH\EHH
Apis mellifera KDV RQO\ RQH \RON SUHFXUVRU
SURWHLQ ZKLFK LV D YHU\ KLJKGHQVLW\ OLSRSURWHLQ
ZLWK D PROHFXODU ZHLJKW RI  N'D :KHHOHU DQG
.DZRR\D  3LXODFKV HW DO  7KH \RON
SUHFXUVRU YLWHOORJHQLQ LV D SUHUHTXLVLWH IRU
KRQH\EHH HJJ GHYHORSPHQW /LQ HW DO  EXW
KDV DOVR EHHQ H[SORLWHG GXULQJ KRQH\EHH HXVRFLDO
HYROXWLRQ WR EHFRPH DQ LPSRUWDQW FRPSRQHQW RI
SDWKZD\V WKDW DUH QRW GLUHFWO\ OLQNHG WR
UHSURGXFWLRQ $PGDP HW DO  E
6HHKXXVHWDOD
7KH KRQH\EHH LV DQ DGYDQFHG HXVRFLDO RUJDQLVP
FKDUDFWHUL]HG E\ GLIIHUHQWLDWLRQ RI IHPDOH IRUPV
LQWR WZR GLVWLQFW SKHQRW\SHV WKH ORQJOLYHG DQG
KLJKO\ IHFXQG TXHHQ DQG WKH IDFXOWDWLYHO\ VWHULOH
ZRUNHU :LQVWRQ  :RUNHUV IXUWKHU
GLIIHUHQWLDWH LQWR WHPSRUDO VWDJHV WKDW SHUIRUP
GLIIHUHQW WDVNV 6HHOH\  7KH ³QXUVH EHH´
SKHQRW\SH ZRUNV LQ WKH FHQWUDO QHVW DQG FDUHV IRU
EURRG HJJV ODUYDH DQG SXSDH $IWHU ± ZHHNV
QXUVH EHHV PDNH D WUDQVLWLRQ WR WKH IRUDJHU VWDJH
DQG EHFRPH UHVSRQVLEOH IRU FROOHFWLQJ QHFWDU
SROOHQ ZDWHU DQG SURSROLV LQ WKH ILHOG $ WKLUG
SKHQRW\SH GHYHORSV LQ WHPSHUDWH FOLPDWHV GXULQJ
SHULRGV ZLWKRXW EURRG UHDULQJ 7KLV
VWUHVVUHVLVWDQW 6HHKXXV HW DO D DQG
ORQJOLYHG ZRUNHU IRUP OLIHVSDQ XS WR  GD\V
6HNLJXFKL DQG 6DNDJDPL  LV UHIHUUHG WR DV
WKH ³GLXWLQXV VWDJH´ RU ³ZLQWHU EHH´ SKHQRW\SH
0DXUL]LR  )OXUL HW DO  2PKROW DQG
$PGDP  'LXWLQXV EHHV VWD\ LQ WKH QHVW DQG
VXUYLYH XQIDYRUDEOH SHULRGV VXFK DV ZLQWHU
0DXUL]LR  +XDQJ DQG 5RELQVRQ  7KH\
GLIIHUHQWLDWH LQWR QXUVH EHHV DQG IRUDJHUV ZKHQ
FRQGLWLRQV LPSURYH DQG EURRG UHDULQJ
FRPPHQFHV 0DXUL]LR  6HNLJXFKL DQG
6DNDJDPL
,QWHUHVWLQJO\ YLWHOORJHQLQ LV QRW RQO\ SURGXFHG E\
WKH KRQH\EHH TXHHQ EXW LV DOVR V\QWKHVL]HG DW
KLJK OHYHOV LQ WKH QXUVH EHHV (QJHOV  7KH
SURWHLQ IXUWKHU DFFXPXODWHV LQ WKH KHPRO\PSK RI
GLXWLQXV ZRUNHUV DV H[HPSOLILHG E\ ZLQWHU EHHV LQ
ODWH IDOO VHH DERYH )OXUL HW DO  7KHVH
SDWWHUQV ZHUH RQO\ UHFHQWO\ XQGHUVWRRG ZKHQ LW
ZDV GHWHUPLQHG WKDW YLWHOORJHQLQ LV XVHG E\
QXUVLQJ ZRUNHUV LQ SURGXFWLRQ RI EURRG IRRG
$PGDP HW DO  DQG WKDW WKH SURWHLQ DOVR
FDQ VORZ DJLQJ LQ ZRUNHUV DQG TXHHQV E\
VFDYHQJLQJ IUHH UDGLFDOV DQG WKHUHE\ LQFUHDVLQJ
UHVLVWDQFH DJDLQVW R[LGDWLYH VWUHVV 6HHKXXV HW DO
D )XUWKHUPRUH YLWHOORJHQLQ JHQH DFWLYLW\
KDV EHHQ VKRZQ WR VXSSUHVV WKH FLUFXODWLQJ OHYHO
RI WKH V\VWHPLF KRUPRQH MXYHQLOH KRUPRQH ZKLFK
W\SLFDOO\ LQFUHDVHV DW RQVHW RI IRUDJLQJ EHKDYLRU LQ
ZRUNHUV *XLGXJOL HW DO  7KLV ILQGLQJ KDV
OHG WR WKH K\SRWKHVLV WKDW YLWHOORJHQLQ DQG
MXYHQLOH KRUPRQH WRJHWKHU LQIOXHQFH ZRUNHU VRFLDO
EHKDYLRU E\ EHLQJ SDUW RI WKH HQGRFULQH
PHFKDQLVPV WKDW FRQWURO WKH WUDQVLWLRQ IURP
QXUVH WDVNV WR IRUDJLQJ DFWLYLW\ 7KHUHE\
YLWHOORJHQLQ DFWLRQ LV LPSOLHG EXW QRW YHULILHG LQ
KRQH\EHH WLVVXHV RWKHU WKDQ WKH RYDU\ HJ WKH
K\SRSKDU\QJHDO JODQGV $PGDP HW DO  WKH
DEGRPLQDO IDW ERG\ $PGDP DQG 2PKROW 
DQG LQ DVVRFLDWLRQ ZLWK WKH EUDLQ DQG QHXUR
VHFUHWRU\FHOOV*XLGXJOLHWDO
9LWHOORJHQLQ KDV EHHQ WKRURXJKO\ VWXGLHG LQ WKH
FRQWH[W RI RRF\WH PDWXUDWLRQ (QJHOV  (QJHOV
 9DUULDOH HW DO  +LUDL HW DO  7KH
UHFHQW GDWD IURP WKH KRQH\EHH KRZHYHU LPSOLHV
WKDW WKLV IRFXV KDV WR EH H[SDQGHG 9LVXDOL]DWLRQ
WHFKQLTXHV KDYH FRQWULEXWHG WR VXEVWDQWLDO
LQVLJKWV LQWR WKH UROHV DQG IXQFWLRQV RI RWKHU
SURWHLQV DQG SHSWLGHV IRU LQVWDQFH LQ VWUHVV
VLJQDOLQJ SDWKZD\V 6HJXL6LPDUUR HW DO  LQ
SDWWHUQV RI FDUERQ\ODWLRQ GDPDJH -DQD HW DO
 6HHKXXV HW DO E DQG LQ G\QDPLFV RI
FHOOXODU ORFDOL]DWLRQ +ZDQJER HW DO 
0HWKRGV IRU YLVXDOL]DWLRQ RI YLWHOORJHQLQ LQ WLVVXH
PD\ WKHUHIRUH FRQWULEXWH WR D GHHSHU
XQGHUVWDQGLQJ RI YLWHOORJHQLQ DFWLRQ LQ
KRQH\EHHV ,Q WKLV VWXG\ ZH WRRN DGYDQWDJH RI WKH
ZHOOHVWDEOLVKHG NQRZOHGJH RI RRF\WH PDWXUDWLRQ
WR YDOLGDWH DQ LPPXQRJROG LPPXQRKLVWRFKHPLFDO
VWDLQLQJ SURFHGXUH IRU KRQH\EHH YLWHOORJHQLQ
SURWHLQ 8VLQJ ZRUNHU RYDULHV DV WKH VXEVWUDWH ZH
VKRZ WKDW D KLJK UHVROXWLRQ PHWKRG FDQ DFFXUDWHO\
GRFXPHQW YLWHOORJHQLQ WUDQVSRUW DQG VWRUDJH
$IWHU LQLWLDO YDOLGDWLRQ WKH SURWRFRO ZDV XVHG WR
VKRZ IRU WKH ILUVW WLPH WKDW YLWHOORJHQLQ SURWHLQ LV
IRXQG LQ WKH FHQWUDO GXFW DQG VHFUHWRU\ DFLQL RI
WKH EURRG IRRG SURGXFLQJ KHDG JODQGV RI QXUVH
EHHV K\SRSKDU\QJHDO JODQGV DQG DOVR LQ WKH
ZRUNHU KHDG IDW ERG\ FORVH WR WKH EUDLQ 7KHVH
UHVXOWV SURYLGH LQLWLDO HYLGHQFH IRU WKH K\SRWKHVLV
WKDW YLWHOORJHQLQ LV XWLOL]HG IRU EURRG IRRG
SURGXFWLRQ DV VXJJHVWHG E\ $PGDP DQG
FRZRUNHUV  7KH PHWKRG FUHDWHV
RSSRUWXQLWLHV IRU IXWXUH VWXGLHV RI WKH SURSRVHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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WKH LQWHUVHFWLRQ EHWZHHQ WKH KHDG IDW ERG\ EUDLQ
DQG QHXURVHFUHWRU\ WLVVXHV $PGDP DQG 2PKROW
+XQW et al
Materials and Methods
Antibody against 180 kDa vitellogenin
$ SRO\FORQDO DQWLERG\ DJDLQVW WKH  N'D
YLWHOORJHQLQ SURWHLQ ZDV UDLVHG LQ UDEELWV E\ WKH
1RUZHJLDQ ,QVWLWXWH RI 3XEOLF +HDOWK 2VOR
1RUZD\ (JJV ZHUH JDWKHUHG DQG SRROHG 
HJJV SHU PO  P0 7ULV EXIIHU S+   7KH
VDPSOHV ZHUH VRQLFDWHG KRPRJHQL]HG DQG ERLOHG
IRU  PLQXWHV XQGHU QRQUHGXFLQJ FRQGLWLRQV
ZLWKRXW '77 EHIRUH WKH\ ZHUH VHSDUDWHG RQ 
6'63$*( JHOV *HOV ZHUH VWDLQHG EULHIO\ ZLWK
6HUYDEODX :  LQ GHVWLOOHG+2 EHIRUH WKH
 N'D YLWHOORJHQLQ EDQG :KHHOHU DQG .DZRR\D
 ZDV FXW RXW 7KH JHO SLHFHV ZHUH
KRPRJHQL]HG LQ SKRVSKDWH EXIIHUHG VDOLQH
VROXWLRQ 3%6 DQG WKH KRPRJHQDWH IUR]HQ IRU
VKLSPHQW WR WKH 1RUZHJLDQ ,QVWLWXWH RI 3XEOLF
+HDOWK 7ZR UDEELWV ZHUH LQMHFWHG ZLWK  PJ
DQWLJHQ GLOXWHG LQ  PO 3%6 DQG HPXOJDWHG ZLWK
HTXDO DPRXQWV RI )UHXQGV &RPSOHWH $GMXYDQW
$IWHU  GD\V WKH UDEELWV ZHUH UHLPPXQL]HG ZLWK
 ƫJ DQWLJHQ GLOXWHG LQ 3%6 DQG HPXOJDWHG
ZLWK )UHXQGV ,QFRPSOHWH $GMXYDQW 6XEVHTXHQWO\
UDEELWV ZHUH ERRVWHG RQH WLPH SHU PRQWK WZR
WLPHV ZLWK  ƫJ DQWLJHQ GLOXWHG LQ 3%6 ZLWK
)UHXQGV ,QFRPSOHWH $GMXYDQW %ORRG VHUXP ZDV
H[WUDFWHG DQG WHVWHG IRU DQWLERG\ WLWHU YLD :HVWHUQ
EORWV XVLQJ HJJ KRPRJHQDWH DQG KHPRO\PSK
IURP QXUVH EHHV DV SRVLWLYH FRQWUROV 6SHFLILFLW\
ZDV FRPSDUHG WR HVWDEOLVKHG DQWLERGLHV IRU
YLWHOORJHQLQ GHVFULEHG SUHYLRXVO\ 3LQWR HW DO

Honeybees
7R REWDLQ VDPSOHV RI RYDULHV IRU LPPXQR
KLVWRFKHPLVWU\ ZRUNHUV ZHUH PDUNHG RQ WKH
WKRUD[ ZLWK D VSRW RI SDLQW 7HVWRUV (QDPHO DW
DGXOW HPHUJHQFH DQG LQWURGXFHG LQWR FRORQLHV
ZLWK DQG ZLWKRXW D TXHHQ LQ DQ DSLDU\ DW
8QLYHUVLW\ RI &DOLIRUQLD 'DYLV $IWHU ± GD\V
PDUNHG ZRUNHUV ZHUH FROOHFWHG DQG DQHVWKHWL]HG
RQ LFH EHIRUH RYDULHV ZHUH GLVVHFWHG DQG FODVVLILHG
DFFRUGLQJ WR RYDULDQ GHYHORSPHQWDO VWDJH 
SUHYLWHOORJHQLF QRQDFWLYDWHG RYDU\ 
SUHYLWHOORJHQLF DFWLYDWHG RYDU\  YLWHOORJHQLF
RYDU\ ZLWK GHYHORSLQJ RRF\WHV  PDWXUH RYDU\
ZLWK DW OHDVW RQH HJJ DV SUHYLRXVO\ GHVFULEHG E\
+DUWIHOGHU DQG FRZRUNHUV  DQG PRGLILHG
E\ $PGDP DQG FRZRUNHUV  2YDULHV IRU
LPPXQRKLVWRFKHPLVWU\ ZHUH VWRUHG DW  & LQ 
0 +(3(6 EXIIHU 6LJPD$OGULFK XQWLO IXUWKHU
SURFHVVLQJ
7R REWDLQ VDPSOHV RI KHDG WLVVXHV LQFOXGLQJ
K\SRSKDU\QJHDO JODQGV IRU LPPXQRKLVWR
FKHPLVWU\ QHZO\ HPHUJHG ZRUNHUV ZHUH PDUNHG
ZLWK D VSRW RI SDLQW DQG LQWURGXFHG LQWR FRORQLHV
ZLWK D TXHHQ LQ WKH DSLDU\ RI WKH 1RUZHJLDQ
8QLYHUVLW\ RI /LIH 6FLHQFHV $DV $IWHU  GD\V
PDUNHG ZRUNHUV SUHVXPDEO\ HQJDJHG LQ QXUVH
WDVNV ZHUH FROOHFWHG E\ JDWKHULQJ PDUNHG EHHV
ZLWK WKHLU KHDGV DQG WKRUD[HV LQ FHOOV FRQWDLQLQJ
ODUYDH 7KH KHDGV RI WKH EHHV ZHUH VWRUHG DW & LQ
 0 +(3(6 EXIIHU 6LJPD$OGULFK
ZZZVLJPDDOGULFKFRPXQWLOIXUWKHUSURFHVVLQJ
7R REWDLQ VDPSOHV IRU LQGHSHQGHQW :HVWHUQ EORW
YHULILFDWLRQ RI WKH JHQHUDO ILQGLQJV RYDU\ DV ZHOO
DV IDW ERG\ WLVVXHV IURP WKH DEGRPHQ DQG KHDG RI
TXHHQV ZKLFK DUH GRFXPHQWHG WR EH SDUWLFXODUO\
DEXQGDQW LQ YLWHOORJHQLQ (QJHOV   )OXUL
HW DO  (QJHOV HW DO  ZHUH REWDLQHG IURP
 \HDUROG HJJOD\LQJ TXHHQV :HDYHU $SLDULHV
7H[DV +\SRSKDU\QJHDO JODQGV ZHUH KDUYHVWHG
IURP QXUVH EHHV DVVXPHG WR EH YLWHOORJHQLQ
SRVLWLYH DQG IRUDJHUV DVVXPHG WR EH YLWHOORJHQLQ
QHJDWLYH LQ WKH DSLDU\ RI $UL]RQD 6WDWH
8QLYHUVLW\ 3KRHQL[ $UL]RQD 1XUVH EHHV ZLWK
KHDG DQG WKRUD[ LQ D FHOO FRQWDLQLQJ ODUYDH ZHUH
FROOHFWHG IURP WKH FHQWUDO EURRG DUHD RI FRORQLHV
ZLWK D TXHHQ )RUDJHUV UHWXUQLQJ WR WKH FRORQLHV
ZLWK SROOHQ ORDGV ZHUH UHWULHYHG DW WKH KLYH
HQWUDQFHV 4XHHQV DQG ZRUNHUV ZHUH DQHVWKHWL]HG
RQ LFH EHIRUH WLVVXHV ZHUH GLVVHFWHG DQG VWRUHG LQ
7ULVEXIIHU  P0 7ULV+&O  P0 1D&O P0
('7$ S+  VXSSOHPHQWHG ZLWK SURWHLQDVH
LQKLELWRUV $PGDP HW DO D XQWLO IXUWKHU
SURFHVVLQJ
Immunohistochemistry
2YDULHV DQG KHDGV ZHUH IL[HG LQ  IRUPDOGHK\GH
VROXWLRQ PHWKDQRO IUHH 3RO\VFLHQFHV
ZZZSRO\VFLHQFHVFRP VXSSOHPHQWHG ZLWK 
7ULWRQ ; IRU  KRXUV DW URRP WHPSHUDWXUH
)L[HG WLVVXH ZDV WKRURXJKO\ ZDVKHG LQ  0
3,3(6 EXIIHU 6LJPD$OGULFK EHIRUH GHK\GUDWLRQ
LQ DQ HWKDQRO VHULHV    DQG  [
 HDFK VWHS IRU  PLQ $IWHU GHK\GUDWLRQ
WKH WLVVXHV ZHUH LQILOWUDWHG ZLWK D JUDGHG VHULHV RI
/RQGRQ 5HVLQ:KLWH /5:KLWH (OHFWURQ
0LFURVFRS\ 6FLHQFHV ZZZHPVGLDVXPFRP DQG
SRO\PHUL]HG RYHU QLJKW DW & )RU FRQYHQWLRQDO
OLJKW PLFURVFRS\ DQG LPPXQR ODEHOLQJ VHPLWKLQ
VHFWLRQV ± ƫP ZHUH FXW ZLWK D GLDPRQG NQLIH
RQ DQ XOWUDPLFURWRPH 5HLFKHUW XOWUDFXW (
5HLFKHUW-XQJ ZZZOHLFDPLFURV\VWHPVFRP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
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 19LWHOORJHQLQVWDLQLQJRIDVWDJHSUHYLWHOORJHQLFQRQDFWLYDWHGRYDU\7KHORZPDJQLILFDWLRQPLFURJUDSK
[RIRYDULROHVDFRQVLVWVRIXQGHYHORSHGFHOOVLQWKHDQWHULRUHQGDQGPRUHGHYHORSHGRRJRQLDRDQG
WURSKRF\WHVWQXUVHFHOOVLQWKHSRVWHULRUHQG&URVVVHFWLRQVEULJKWILHOGEDQGGDUNILHOGE¶DQGORQJLWXGLQDO
VHFWLRQVEULJKWILHOGFDQGGDUNILHOGF¶DWDSULPDU\PDJQLILFDWLRQRI[VKRZRRJRQLDDQGGHYHORSLQJ
PXOWLQXFOHDUWURSKRF\WHV7KHRYDU\VKRZVQRSRVLWLYHVWDLQLQJIRUYLWHOORJHQLQDF3RVLWLYHVWDLQLQJLVVKRZQLQ
)LJXUHV±
DQG GULHG RQWR 6XSHU)URVW3OXV VOLGHV (OHFWURQ
0LFURVFRS\6FLHQFHVZZZHPGLDVXPFRP
)RU LPPXQR ODEHOLQJ VHFWLRQV ZHUH ULQVHG LQ  [
 PLQ ZLWK 3%6 VXSSOHPHQWHG ZLWK  ERYLQH
VHUXP DOEXPLQ %6$ 6LJPD $OGULFK HWFKHG ZLWK
 +2 LQ PHWKDQRO ZDVKHG  [  PLQ ZLWK
3%6 %6$ EORFNHG ZLWK 3%6 %6$ IRU RQH
KRXU DW URRP WHPSHUDWXUH ZDVKHG DQG LQFXEDWHG
ZLWK D SRO\FORQDO DQWLERG\ DJDLQVW YLWHOORJHQLQ DW
& RYHU QLJKW &RQWURO VHFWLRQV ZHUH LQFXEDWHG
ZLWK EXIIHU RQO\ )LJ ± RU ZLWK SUHLPPXQH
VHUD )LJ ± DQG  &RQWUROV WUHDWHG ZLWK EXIIHU
RU ZLWK SUHLPPXQH VHUD ZHUH QHJDWLYH WKURXJKRXW
WKH H[SHULPHQWV IXOILOOLQJ UHTXLUHPHQWV IRU
FRQWURO RI DQWLERG\ VWDLQLQJ $OO VHFWLRQV ZHUH
ZDVKHG  [  PLQ ZLWK 3%6 DQG LQFXEDWHG ZLWK
VHFRQGDU\ DQWLERG\ SURWHLQ $ JROG DXURSUREH (0
SURW $ * $PHUVKDP %LRVFLHQFHV
ZZZDSELRWHFKFRP RYHU QLJKW DW & 7KH
VHFWLRQV ZHUH ZDVKHG  [  PLQ ZLWK 3%6 DQG  [
 PLQ ZLWK GLVWLOOHG ZDWHU EHIRUH HQKDQFLQJ ZLWK
VLOYHU $XULRQ 5*HQW 6(/0 VLOYHU
HQKDQFHPHQW (OHFWURQ 0LFURVFRS\ 6FLHQFHV
ZZZHPVGLDVXPFRP DGMXVWHG IURP +ROJDWH HW
DO  VHH 0LOOHU  IRU IXUWKHU
LQIRUPDWLRQ RQ LPPXQRJROGVLOYHU VWDLQLQJ
6LOYHU HQKDQFHPHQW PDNHV WKH  QP JROG
SDUWLFOHV RI WKH VHFRQGDU\ DQWLERG\ ODUJHU DQG
YLVLEOH LQ OLJKW PLFURVFRS\ SDUWLFOHV VKRZ DV EODFN
GRWV LQ EULJKW ILHOG PLFURVFRS\ DQG EULJKW ZKLWH
GRWV LQ GDUN ILHOG PLFURVFRS\ 1RWH WKDW WLPH RI
H[SRVXUH WR VLOYHU HQKDQFHPHQW YDULHG ZLWK
DPELHQWWHPSHUDWXUH±PLQ
$OO VHFWLRQV ZHUH FRXQWHUVWDLQHG ZLWK 6WHYHQHO¶V
EOXH EHIRUH WKH\ ZHUH PRXQWHG LQ 'H3H[
(OHFWURQ 0LFURVFRS\ 6FLHQFHV DQG H[DPLQHG E\
D /HLW] $ULVWRSODQ OLJKW PLFURVFRSH 6WHYHQHO¶V
VWDLQLQJ VROXWLRQ LV D SRO\FKURPRSKRUH WKDW VWDLQV
DOO WLVVXHV GHO &HUUR HW DO  ZKLFK LV XVHIXO
IRU UHFRJQL]LQJ FHOOXODU VWUXFWXUHV DQG WKHUHE\
DUHDV RI LQWHUHVW LQ EULJKW ILHOG PLFURVFRS\
0RUHRYHU ZKHQ D ORZ GHQVLW\ RI DQWLJHQ PDNHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 29LWHOORJHQLQVWDLQLQJRIDVWDJHYLWHOORJHQLFRYDU\ZLWKGHYHORSLQJRRF\WHV,QDDQGEWKHLPPXQRJROG
VWDLQHGRYDU\ULJKWZLWKFRUUHVSRQGLQJFRQWUROOHIWLVUHFRUGHGDW[7KHLPDJHVFRQVLVWRIDPRVDLFRI
SLFWXUHV,QFRQWUROVSULPDU\DQWLERG\ZDVVXEVWLWXWHGZLWKEXIIHU7KHVLOYHUHQKDQFHGLPPXQRJROGVWDLQLQJRI
YLWHOORJHQLQVKRZVDVEODFNGRWVLQEULJKWILHOGSLFWXUHV$W[PDJQLILFDWLRQVWKHVHSDUDWHEODFNGRWVDUHQRW
HDVLO\GHWHFWHGDQGDSSHDUDVDEODFNRUJUD\LVKDUHDRIVWDLQ7KHRYDULROHVFRQVLVWVRIFOXVWHUVRIWURSKRF\WHVW
FRQQHFWHGWRRQHRRF\WHDOWHUQDWHO\LQDQWHULRUSRVWHULRUGLUHFWLRQ7KHYLWHOORJHQLFRRF\WHVYRDSSHDUWR
LQFRUSRUDWHSURWHLQVLQJUDQXOHVDQGDUHLQWHQVHO\ODEHOHGIRUYLWHOORJHQLQE6RPHRRF\WHVKDYHLUUHJXODUVKDSH
DQGPD\EHLQSURFHVVRIUHDEVRUSWLRQLQGLFDWHGE\DUURZVLQDDQGE$EEUHYLDWLRQVLQWKHFRQWUROV
GHWHFWLRQ RI WKH WDUJHW SURWHLQ FKDOOHQJLQJ LQ
EULJKW ILHOG 6WHYHQHO¶V VROXWLRQ LV FRPSDWLEOH ZLWK
GDUNILHOGLPDJLQJDVZHOO
Western blots
4XHHQ RYDULHV DEGRPLQDO IDW ERG\ DQG KHDG IDW
ERG\ WLVVXH ZHUH WKRURXJKO\ ZDVKHG LQ D  WLPHV
UHSHDWHG ZDVK F\FOH KRPRJHQL]HG DQG
FHQWULIXJHG LQ 7ULVEXIIHU VXSSOHPHQWHG ZLWK
SURWHLQDVH LQKLELWRUV VHH DERYH
+\SRSKDU\QJHDO JODQGV ZHUH SRROHG LQ UHSOLFDWH
IURP  LQGLYLGXDO QXUVH EHHV DQG  LQGLYLGXDO
IRUDJHUV EHIRUH ZDVKLQJ KRPRJHQL]DWLRQ DQG
FHQWULIXJDWLRQ 7KH VXSHUQDWDQWV ZHUH VXEMHFWHG
WR RQH GLPHQVLRQDO 6'6HOHFWURSKRUHVLV XVLQJ
 SRO\DFU\ODPLGH JHOV *HQH0DWH H[SUHVV JHOV
 %LR([SUHVV ZZZELRH[SUHVVFRP 6HS
DUDWHG SURWHLQV ZHUH WUDQVIHUUHG WR QLWURFHOOXORVH
SDSHU LQFXEDWHG LQ SRO\FORQDO DQWLERG\ DJDLQVW
YLWHOORJHQLQ  YLVXDOL]HG E\ KRUVH UDGLVK
SHUR[LGDVH FRQMXJDWHG VHFRQGDU\ DQWLERG\ 
$PHUVKDP DQG GHYHORSHG E\ FKHPL
OXPLQHVFHQFH :HVWHUQ /LJKWHQLQJ &KHPL
/XPLQHVFHQFH 3HUNLQ (OPHU
ZZZSHUNLQHOPHUFRP
Results
+RQH\EHH RRF\WH GHYHORSPHQW LV GLYLGHG LQWR D
SUHYLWHOORJHQLF SKDVH IROORZHG E\ D YLWHOORJHQLF
SKDVH (QJHOV  7KH SUHYLWHOORJHQLF SKDVH
SULPDULO\ WDNHV SODFH LQ WKH JHUPDULXP ZKLFK
FRPSULVHV WKH DQWHULRU HQG RI WKH RYDULROHV WKDW
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SULPDU\PDJQLILFDWLRQRI[DE
FRUUHVSRQGLQJFRQWUROVSULPDU\DQWLERG\VXEVWLWXWHGZLWKEXIIHUFG7KHLQVLGHRIWKHYLWHOORJHQLFRRF\WHLV
FRYHUHGLQDJUD\LVKDUHDRIODEHOHGDQWLJHQ7KHDUURZVSRLQWWRDUHDVZKHUHYLWHOORJHQLQJUD\RUEODFNGRWV
VHHPVWREHWUDQVSRUWHGWKURXJKSRUHVLQWKHIROOLFOHFHOOVDERUGLUHFWO\WKURXJKWKHIROOLFOHFHOOVLQJUDQXOHVWR
WKHSHULYLWHOOLQHVSDFHVHHDUURZVDQGWKXVVHHPVWREHVXSSRUWLQJDOUHDG\H[LVWLQJGDWD)OHLJ7KH
FRQWUROVFGVKRZQRSRVLWLYHVWDLQLQJIRUYLWHOORJHQLQ
FRQWDLQ WKH JHUP FHOOV DQG WKHLU GHULYDWLYHV
3DWULFLR DQG &UX]/DQGLP  3DWULFLR DQG GD
&UX]/DQGLP  7KH YLWHOORJHQLF SKDVH
RFFXUV LQ WKH SUR[LPDO UHJLRQ RI WKH RYDULROH
ZKHUH \RON XSWDNH DQG RRF\WH JURZWK WDNH SODFH
WHUPHG WKH YLWHOODULXP ,Q ZRUNHU EHHV ZLWK D
TXHHQ WKH YLWHOORJHQLF SKDVH LV W\SLFDOO\ EORFNHG
DQG WKH RYDU\ DV D ZKROH LV SUHYLWHOORJHQLF
3DWULFLR DQG &UX]/DQGLP  3DWULFLR DQG GD
&UX]/DQGLP  ,Q DFFRUGDQFH ZLWK WKLV
GHVFULSWLRQ ZRUNHU EHHV ZLWK D TXHHQ KDG
SUHGRPLQDQWO\ VWDJH  DQG  RYDULHV
SUHYLWHOORJHQLF QRQDFWLYDWHG DQG DFWLYDWHG
RYDU\ UHVSHFWLYHO\ DQG GLG QRW VKRZ SRVLWLYH
VWDLQLQJ IRU YLWHOORJHQLQ )LJXUH  VWDJH 
SUHYLWHOORJHQLF QRQDFWLYDWHG RYDU\ VWDJH  QRW
VKRZQ +RZHYHU LQ FRORQLHV ZLWKRXW D TXHHQ WKH
PDMRULW\ RI WKH ZRUNHUV KDG PRUH GHYHORSHG
RYDULHV DQG YLWHOORJHQLQ ZDV GHWHFWHG LQ RYDULHV LQ
VWDJHV  YLWHOORJHQLF RYDU\ ZLWK GHYHORSLQJ
RRF\WHV DQG  PDWXUH RYDU\ ZLWK DW OHDVW RQH
HJJ )LJXUH ± $V D JHQHUDO UHVXOW GLIIHUHQFHV
LQ YLWHOORJHQLQ VWDLQLQJ ZHUH QRW VHHQ EHWZHHQ
RYDULHV LQ WKH VDPH VWDJH RI PDWXUDWLRQ 7KLV
SDWWHUQ ZDV LQGHSHQGHQW RI ZKHWKHU WLVVXHV ZHUH
FROOHFWHG IURP ZRUNHUV LQ FRORQLHV ZLWK RU ZLWKRXW
D TXHHQ &RQWURO VHFWLRQV ZKLFK ZHUH LQFXEDWHG
ZLWK EXIIHU RU SUHLPPXQH VHUD LQVWHDG RI SULPDU\
DQWLERG\ ZHUH QHJDWLYH IRU YLWHOORJHQLQ VWDLQLQJ
)LJXUH±
$OWKRXJK ZRUNHU EHHV KDYH VWURQJO\ UHGXFHG
RYDULHV ± RYDULROHV FRPSDUHG WR TXHHQV
± RYDULROHV WKH GDWD FRQILUPHG WKDW
GHYHORSPHQW RI ZRUNHU RRF\WHV FRUUHVSRQGV WR WKH
SURFHVV UHSRUWHG IRU TXHHQV 6QRGJUDVV 
9HOWKXLV  (QJHOV  5DPDPXUW\ DQG
(QJHOV  )OHLJ  6SHFLILFDOO\ LQ WKH
DQWHULRU HQG RI WKH RYDULROHV )LJXUH  WKH
DFWLYDWHG RRJRQLD GLYLGH LQWR RQH RRF\WH DQG
VHYHUDO WURSKRF\WHV QXUVH FHOOV VXUURXQGHG E\ D
FRPPRQ OD\HU RI IROOLFXODU HSLWKHOLDO FHOOV (QJHOV
 *URZLQJ RRF\WHV DQG FOXVWHUV RI
WURSKRF\WHV DOWHUQDWH IURP DQWHULRU WR SRVWHULRU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 4<RONERGLHVLQYLWHOORJHQLFRRF\WHVDWUHFRUGHGDW[PDJQLILFDWLRQVHHDUURZVEULJKWILHOGDGGDUN
ILHOGD¶G¶&RQWUROVEE¶DQGGG¶DUHWUHDWHGZLWKSUHLPPXQHVHUDLQVWHDGRISULPDU\DQWLERG\$WWKHRQVHWRI
WKHYLWHOORJHQLFSKDVHYLWHOORJHQLQSRVLWLYH\RONERGLHVVHHDUURZVDUHQXPHURXVVPDOODQGGLVSHUVHGWKURXJK
WKHRRF\WHDD¶<RONERGLHVDUHLQWHQVHO\ODEHOHGDJDLQVWYLWHOORJHQLQZKHUHDVWKHDUHDVEHWZHHQWKH\RONERGLHV
VKRZPXFKORZHUOHYHOVRIODEHOLQJ0DWXUHRRF\WHVOLNHWKHRQHGHSLFWHGIURPDVWDJHRYDU\PDWXUHRYDU\ZLWK
DWOHDVWRQHHJJDUHFKDUDFWHUL]HGE\ODUJHYLWHOORJHQLQSRVLWLYHJOREXOHVVHHDUURZVWKDWHYROYHIURP\RONERG\
IXVLRQFF¶1RWHDEVHQFHRIODEHOLQJLQFRQWUROVEE¶DQGGG¶
HQG DQG ZLWK FRQWLQXLQJ GHYHORSPHQW ERWK WKH
RRF\WH DQG WKH WURSKRF\WHV LQFUHDVH LQ YROXPH
)LJXUH  7KH WURSKRF\WH VXEVHTXHQWO\ LQLWLDWHV
WUDQVIHU RI LWV FRQWHQWV LQWR WKH RRF\WH )LJXUH 
(QJHOV  $GGLWLRQDOO\ LQWHQVHO\ ODEHOHG
RRF\WHV ZHUH SUHVHQW DW WKH SRVWHULRU HQG RI WKH
RYDULROHV WKDW VHHPLQJO\ ZHUH LQ WKH SURFHVV RI
GLVLQWHJUDWLRQ )LJXUH  SRVLWLYH VWDLQLQJ VKRZV
DV EODFN GRWV LQ WKH ULJKW RYDULROHV LQ SDQHO D DQG
E FRQWUROV WR WKH OHIW VKRZ QR SRVLWLYH VWDLQLQJ
0DQ\ ZRUNHUODLG HJJV DUH QRW YLDEOH 6WUHLW HW DO
 DQG UHDEVRUSWLRQ RI RRF\WHV LV QRW DQ
XQFRPPRQ SKHQRPHQRQ 5HJLQDWR DQG 'D
&UX]/DQGLP  3DWULFLR DQG GD &UX]/DQGLP
 7DQDNDDQG+DUWIHOGHU
+LJKHU PDJQLILFDWLRQ LPDJHV RI YLWHOORJHQLF
RRF\WHV VHHP WR YLVXDOL]H LPSRUW RI YLWHOORJHQLQ
)LJXUH  DE FRQWUROV FG DUH QHJDWLYH IRU
YLWHOORJHQLQ 9LWHOORJHQLQ DFFXPXODWHV LQ WKH
SHULYLWHOOLQH VSDFH )LJXUH  D DQG LV
VXEVHTXHQWO\ WDNHQ XS LQ WKH RRF\WH LQ SLQRF\WRWLF
YHVLFOHV WKDW IXVH LQWR ODUJHU \RON VSKHUHV ,W LV
WHPSWLQJ WR VXJJHVW WKDW DW WKLV UHVROXWLRQ WKH
VWDLQLQJ PHWKRG VXSSRUWV WKH WZR SUHYLRXVO\
UHSRUWHG LPSRUW PHFKDQLVPV RI YLWHOORJHQLQ LH
WKURXJK DQG EHWZHHQ WKH IROOLFXODU FHOOV )OHLJ
 EXW KLJKHU UHVROXWLRQ WHFKQLTXHV VXFK DV
WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ ZRXOG EH
QHHGHG WR FRQILUP WKLV :H IRXQG WKDW \RON ERGLHV
RI YDULRXV VL]HV FDQ EH GHWHFWHG LQ RYDULHV RI ERWK
VWDJH  DQG  )LJXUH  D DQG F +HUH WKH KLJK
GHQVLW\ RI YLWHOORJHQLQ SURGXFHV DQ LQWHQVH
SRVLWLYH VWDLQLQJ WKDW VKRZV DV GDUN EODFN LQ
EULJKW ILHOG DQG EULJKW ZKLWH LQ GDUN ILHOG
&RUUHVSRQGLQJ FRQWUROV ZHUH WUHDWHG ZLWK
SUHLPPXQH VHUD LQVWHDG RI SULPDU\ DQWLERG\ DQG
VKRZ QR SRVLWLYH VWDLQLQJ IRU YLWHOORJHQLQ )LJXUH
 E E¶ DQG G G¶ $IWHU WKH YLWHOORJHQLF SKDVH WKH
YLWHOOLQH PHPEUDQH KDV IRUPHG DQG WKH \RON
ERGLHV KDYH IXVHG LQWR ODUJHU YLWHOORJHQLQILOOHG
VSKHUHV )LJXUH  F DQG F¶ FRUUHVSRQGLQJ
FRQWUROV LQ G DQG G¶ DV GHVFULEHG E\ 5DPDPXUW\
DQG (QJHOV  +HUH WKH OHVV LQWHQVH SRVLWLYH
VLJQDO )LJXUH  F DQG F¶ FRXOG EH GXH WR D
UHGXFHG GHQVLW\ RI WKH DQWLJHQ RU FU\VWDOOL]DWLRQ RI
WKH SURWHLQ 7KHUHE\ WKH YLWHOORJHQLQ G\QDPLFV
WKDW ZHUH LGHQWLILHG LQ ZRUNHU RYDULHV DUH LQ IXOO
DFFRUGDQFH ZLWK ZKDW ZDV SUHYLRXVO\ UHSRUWHG IRU
KRQH\EHH TXHHQV E\ PHDQV RI WUDQVSRUW RI ODEHOHG
DPLQR DFLGV IURP WKH KHPRO\PSK LQWR WKH RYDU\
(QJHOV
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Y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F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G
DUHDOOYLWHOORJHQLQSRVLWLYH7KHDQWLJHQLVVFDWWHUHGLQWKHJODQGDQGLQFRPSDULVRQZLWKRRF\WHVWKHUHVHHPVWREH
QRDJJUHJDWLRQRIYLWHOORJHQLQ,QWKHKLJKUHVROXWLRQPLFURJUDSK[DODEHOLQJLVVHHQDVEODFNGRWVDV
H[HPSOLILHGE\LQVHUWHGER[KLJKHUPDJQLILFDWLRQRIVWDLQLQWKHFRPPRQGXFW7KHDQWLJHQLVQRWSUHVHQWLQDOO
WKHYDFXROHVLQDJODQGVHHLQVHUWHGER[LQDKLJKHUPDJQLILFDWLRQRIODEHOLQJIUHHDUHDLQWKHYDFXROH7KH
FRUUHVSRQGLQJSUHLPPXQHFRQWUROVEVKRZQRSRVLWLYHODEHOLQJIRUYLWHOORJHQLQQHLWKHULQWKHFRPPRQGXFWVHH
LQVHUWHGER[LQEIRUKLJKHUPDJQLILFDWLRQRIWKHDUHDRUWKHYDFXROHVVHHLQVHUWHGER[LQEIRUKLJKHU
PDJQLILFDWLRQRIWKHDUHD
$IWHU YDOLGDWLQJ WKH VWDLQLQJ PHWKRG )LJ ± LW
ZDV XVHG WR WHVW ZKHWKHU YLWHOORJHQLQ SURWHLQ LV
SUHVHQW LQ WKH K\SRSKDU\QJHDO JODQGV RI QXUVH
EHHV WKDW SURGXFH EURRG IRRG DV K\SRWKHVL]HG E\
$PGDP DQG FRZRUNHUV  7KH SDLUHG
K\SRSKDU\QJHDO JODQGV FRQVLVW RI VHFUHWRU\ DFLQL
&RVWD DQG /RXTXH  'HVH\Q DQG %LOOHQ
 ,Q HDFK JODQG WKH DFLQL DUH FRQQHFWHG WR
DQ D[LDO GXFW E\ H[FUHWRU\ FDQDOV 'HVH\Q DQG
%LOOHQ  7KH GXFW HQGV QHDU WKH PRXWKSDUWV
RI WKH ZRUNHUV DQG YLD WKLV V\VWHP WKH
V\QWKHVL]HG SURGXFWV RI WKH DFLQL FDQ EH
WUDQVIHUUHG E\ WURSKDOOD[LV 7KH YDFXROHV LQVLGH
WKH VHSDUDWH DFLQL WKH H[FUHWRU\ FDQDOV DQG WKH
FRPPRQ GXFW FRQWDLQ YLWHOORJHQLQ SURWHLQ )LJXUH
 D DQG )LJXUH  D D¶ )LJXUH  D ER[  VKRZV D
EORZ XS RI WKH LPPXQRJROG VLOYHU SDUWLFOHV WKDW
LGHQWLI\ YLWHOORJHQLQ 1RWH WKDW VRPH YDFXROHV LQ
WKH K\SRSKDU\QJHDO JODQGV DUH QRW SRVLWLYH IRU
YLWHOORJHQLQ VWDLQLQJ DV H[HPSOLILHG E\ WKH EORZ
XS ER[  )LJXUH  D 7KH DPRXQW DQG
ORFDOL]DWLRQ RI DQWLJHQ LQ WKH JODQGV ZDV ORZ DQG
VFDWWHUHG EXW SHUVLVWHQW ZLWKLQ DOO VDPSOHV
H[DPLQHG )LJXUH  &RQWUROV WUHDWHG ZLWK
SUHLPPXQH VHUD )LJXUH  E RU EXIIHU )LJXUH 
E E¶ ZKHUH QHJDWLYH IRU YLWHOORJHQLQ VWDLQLQJ DV
UHTXLUHG IRU YHULILFDWLRQ RI D VSHFLILF
LPPXQRKLVWRFKHPLFDOPHWKRG
7KHVH VHFWLRQV DOVR UHYHDOHG SRSXODWLRQV RI
YLWHOORJHQLQFRQWDLQLQJ IDW ERG\ FHOOV LQ WKH
SUR[LPLW\ RI WKH K\SRSKDU\QJHDO JODQGV DQG
WKHUHE\ FORVH WR WKH ZRUNHU EUDLQ )LJXUH 
&RUUHVSRQGLQJ FHOOV DOVR FRQWDLQ vitellogenin
P51$ 0 &RURQD 5 9HODUGH 6 5HPROLQD $
0RUDQ/DXWHU .$ +XJKHV *( 5RELQVRQ
XQSXEOLVKHG GDWD 7KH SUHVHQFH RI KHDG IDW ERG\
FHOOV LQ KRQH\EHH ZRUNHUV TXHHQV DQG GURQHV ZDV
GRFXPHQWHG SUHYLRXVO\ E\ 6QRGJUDVV  DQG
WKH FHOOV ZHUH VKRZQ WR EH VLPLODU WR WKH
DEGRPLQDO IDW ERG\ LQ VWUXFWXUH 7KH VSHFLILF
G\QDPLFV RI YLWHOORJHQLQ SURWHLQ DFFXPXODWLRQ
DQG VSDWLDO ORFDOL]DWLRQ LQ WKH KRQH\EHH IDW ERG\
KDYH QRW EHHQ LQYHVWLJDWHG SUHYLRXVO\ <HW VLPLODU
SURWHLQ JUDQXOHV ZLWK FU\VWDOOLQH QXFOHL KDYH EHHQ
GHWHFWHG .RHKOHU  'D &UX] /DQGLP 
DQG VXFK JUDQXOHV DUH FRQVLGHUHG WR KDYH SURWHLQ
VWRUDJH IXQFWLRQV .RHKOHU  IRXQG
DOEXPLQRLG PDWHULDO LQ ODUJH JUDQXOHV ORFDWHG LQ
WKH DEGRPLQDO IDW ERG\ FHOOV RI ZLQWHULQJ EHHV
6QRGJUDVV  VXEVHTXHQWO\ VXJJHVWHG WKDW
WKHVH DOEXPLQRLGV QRUPDOO\ DUH WUDQVIRUPHG LQWR
EURRG IRRG EXW WKDW WKH\ DOVR FDQ DFFXPXODWH LQ
WKH IDW ERG\ DV SK\VLRORJLFDO UHVHUYHV 7KLV
K\SRWKHVLV FRUUHVSRQGV WR G\QDPLFV WKDW PRUH
UHFHQWO\ ZHUH SURSRVHG IRU YLWHOORJHQLQ $PGDP
DQG 2PKROW  7KXV WKH ILQGLQJ RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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SRVLWLYHODEHOLQJLVPRUHFKDOOHQJLQJWRGHWHFWLQEULJKWILHOGPRGH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,QGDUNILHOGPRGH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KRZHYHUWKHVWDLQ
VKRZVDVZKLWHVSRWVDQGLVPRUHHDVLO\VHHQLQYDFXROHVYWKHFDQDOFDQGWKHFRPPRQGXFWG%OXHVWDLQHG
WLVVXHLQEULJKWILHOGPRGHDQGUHGDQGRUDQJHFRORUVLQGDUNILHOGPRGHDUHFRQWUDVWVWDLQLQJZLWK6WHYHQHO¶VEOXH
DSRO\FKURPDWLFG\H&RQWUROVZHUHWUHDWHGZLWKEXIIHULQVWHDGRISULPDU\DQWLERG\DQGVKRZQRSRVLWLYHVWDLQLQJ
IRUYLWHOORJHQLQEE¶&RUUHVSRQGLQJFRQWUROVWUHDWHGZLWKSUHLPPXQHVHUDDUHDOVRQHJDWLYHVHHLQVHUWHGER[
DQG¶LQEE¶UHVSHFWLYHO\7KHJUD\OLQLQJEULJKWILHOGDDQGERUEULJKWZKLWHOLQLQJGDUNILHOGD¶DQGE¶
DURXQGWKHFRPPRQGXFWLVOLNHO\DWHFKQLFDODUWLIDFW7KHOLQLQJLVQRWRIFRQVLVWHQWFKDUDFWHUZLWKLQVDPSOHVDQG
WKXVLWZDVQRWLQWHUSUHWHGDVSRVLWLYHVWDLQLQJ
YLWHOORJHQLQ LQ KHDG IDW ERG\ FHOOV RI QXUVH EHHV LV
QRW VXUSULVLQJ DQG IXUWKHU VKRZV WKDW RXU
DQWLERG\ UHFRJQL]HV YLWHOORJHQLQ DW RQH RI LWV
QDWLYH VLWHV RI V\QWKHVLV )LJXUH  DE E¶
FRUUHVSRQGLQJ FRQWURO WUHDWHG ZLWK SUHLPPXQH
VHUDLQVWHDGRISULPDU\DQWLERG\FF¶
7R FRQILUP WKH ILQGLQJV RXWOLQHG DERYH :HVWHUQ
EORW YHULILFDWLRQ ZDV XVHG ZLWK VHOHFWHG WLVVXHV
DVVXPHG WR EH SRVLWLYH RU QHJDWLYH IRU
YLWHOORJHQLQ 6DPSOHV RI RYDULHV DQG IDW ERG\
WLVVXHV RI TXHHQV ZHUH LQFOXGHG DV LQWHUQDO
SRVLWLYH FRQWUROV IRU WKH VSHFLILFLW\ RI WKH DQWLERG\
EHFDXVH LQ FRPSDULVRQ ZLWK ZRUNHUV TXHHQV DUH
FKDUDFWHUL]HG E\ KLJKHU SURGXFWLRQ UDWHV DQG KLJK
WLWHUV RI YLWHOORJHQLQ WKURXJKRXW DGXOW OLIH
UHYLHZHG E\ (QJHOV HW DO  7KRURXJKO\
ZDVKHG QXUVH EHH DQG IRUDJHU K\SRSKDU\QJHDO
JODQGV SUHVXPHG YLWHOORJHQLQ SRVLWLYH DQG
QHJDWLYH UHVSHFWLYHO\ ZHUH UXQ DV WHVW VDPSOHV LQ
GXSOLFDWH 7KH SRO\FORQDO DQWLERG\ FOHDUO\
UHFRJQL]HG YLWHOORJHQLQ LQ TXHHQ DEGRPLQDO IDW
ERG\ KHDG IDW ERG\ DQG RYDULHV DV ZHOO DV LQ WKH
K\SRSKDU\QJHDO JODQGV RI QXUVH EHHV 7KH
K\SRSKDU\QJHDO JODQGV RI IRUDJHUV ZHUH ZHDNO\
VWDLQHG )LJXUH  ODQHV ± UHVSHFWLYHO\
6DPSOHV IURP K\SRSKDU\QJHDO JODQGV PRUHRYHU
VKRZHG QR DGGLWLRQDO EDQGV 7KH H[WUD EDQG
SUHVHQW LQ RYDU\ H[WUDFW LV OLNHO\ GXH WR
YLWHOORJHQLQ GHJUDGDWLRQ 7KLV SDWWHUQ GRFXPHQWV
WKDW WKH DQWLERG\ GLG QRW VKRZ FURVVUHDFWLYLW\
ZLWK RWKHU JODQGVSHFLILF SURWHLQV VXFK DV WKH
PDMRU UR\DO MHOO\ SURWHLQV ± N'D
6FKPLW]RYiHWDO
Discussion
$ QXPEHU RI SXEOLFDWLRQV GHVFULEH WKH G\QDPLFV
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Figure 7HULILFDWLRQRIPDWXUHYLWHOORJHQLQSURWHLQLQWKHKHDGIDWERG\FHOOVRIDQXUVHEHHZRUNHUD[
PDJQLILFDWLRQVHHLQVHUWHGER[IRUWKHIDWFHOOVGHSLFWHGDVFORVHXSVDW[PDJQLILFDWLRQEF7KHIDWERG\FHOOV
DUHORFDWHGLQWKHYLFLQLW\RIWKHEURRGIRRGSURGXFLQJK\SRSKDU\QJHDOJODQGVDQGWKHUHE\FORVHWRWKHEUDLQD
DVWHULVN1XPHURXVYLWHOORJHQLQSRVLWLYHJUDQXOHVDUHORFDOL]HGLQWKHFHOOVEE¶VHHDUURZLQE&RUUHVSRQGLQJ
FRQWUROVZHUHWUHDWHGZLWKSUHLPPXQHVHUDDQGVKRZQRSRVLWLYHVWDLQLQJFF¶'DUNILHOGE¶VKRZVSRVLWLYH
VWDLQLQJDVEULJKWZKLWHGRWVZKHUHDVWKHFRUUHVSRQGLQJFRQWUROF¶LVQHJDWLYHIRUYLWHOORJHQLQ
RI YLWHOORJHQLQ GXULQJ RRF\WH PDWXUDWLRQ LQ WKH
KRQH\EHH (QJHOV  (QJHOV  )OHLJ 
,Q WKH SUHVHQW VWXG\ RYDULDQ WLVVXH IURP ZRUNHU
EHHV ZLWK DQG ZLWKRXW D TXHHQ ZHUH XVHG WR
GHYHORS D YLVXDOL]DWLRQ PHWKRG IRU KRQH\EHH
YLWHOORJHQLQ 2YDULDQ WLVVXH LV DQ LGHDO VXEVWUDWH LQ
WKH GHYHORSPHQW DQG HYDOXDWLRQ RI DQ
LPPXQRJROG VWDLQLQJ SURFHGXUH 7KH DEVHQFH RI
SRVLWLYH VWDLQLQJ LQ SUHYLWHOORJHQLF RYDULHV )LJXUH
 DQG WKH LPPXQRJROG F\WRFKHPLFDO ORFDOL]DWLRQ
RI YLWHOORJHQLQ LQ YLWHOORJHQLF WLVVXHV )LJXUH ±
GHPRQVWUDWH WKDW WKH DQWLERG\ SDLUHG ZLWK WKH
SUHVHQWHG VWDLQLQJ SURWRFRO VSHFLILFDOO\ LGHQWLILHV
YLWHOORJHQLQ
2QH SRWHQWLDO FDYHDW RI WKH PHWKRG LV WKDW ZRUNHU
EHHV ZLWK YLWHOORJHQLF RYDULHV KDYH KLJK OHYHOV RI
FLUFXODWLQJ YLWHOORJHQLQ /LQ HW DO  7KXV WKH
SUHVHQFH RI YLWHOORJHQLF RYDULHV PD\ EH SDLUHG
ZLWK D KLJKHU SUREDELOLW\ RI IDOVH SRVLWLYHV
SURGXFHG E\ KHPRO\PSK FRQWDPLQDWLRQ 7KLV FDQ
DSSDUHQWO\ EH DYRLGHG E\ LPSOHPHQWLQJ DQ
LQWHQVH ZDVKLQJ SURFHGXUH VHH 0HWKRGV ZKLFK
VWURQJO\ UHGXFHG WKH DPRXQW RI KHPRO\PSK
SUHVHQW DW WKH WLPH RI UHVLQ HPEHGGLQJ 'HWHFWLRQ
RI YLWHOORJHQLQ LQ RRF\WHV RQO\ DW DGYDQFHG VWDJHV
RI PDWXUDWLRQ )LJ ± VXSSRUWV WKLV 7KXV ZH
FRQFOXGH WKDW WKH PHWKRG SUHVHQWHG KHUH LV ERWK
VSHFLILF WR WKH YLWHOORJHQLQ SURWHLQ WDUJHW DQG DOVR
UREXVWDJDLQVWDUWLIDFWXDOFRQWDPLQDWLRQ
7KH LPPXQRJROG ORFDOL]DWLRQ RI YLWHOORJHQLQ LQ
WKH K\SRSKDU\QJHDO JODQGV RI QXUVH EHHV )LJXUH
± LV ERWK LQ DFFRUGDQFH DQG LQ FRQIOLFW ZLWK
SUHYLRXV ILQGLQJV $PGDP DQG FRZRUNHUV 
LGHQWLILHG D YLWHOORJHQLQ UHFHSWRU LQ WKH KRQH\EHH
ZRUNHU K\SRSKDU\QJHDO JODQG WKDW ZDV RI WKH
VDPH VL]H DV D YLWHOORJHQLQ UHFHSWRU LVRODWHG IURP
TXHHQ RYDU\ WLVVXH 7KH\ IXUWKHU LQMHFWHG QXUVH
EHHV ZLWK YLWHOORJHQLQ SURWHLQ WKDW KDG EHHQ
V\QWKHVL]HG in vitro LQ WKH SUHVHQFH RI &ODEHOHG
SKHQ\ODODQLQH DQG REVHUYHG WKDW WKH ODEHO ZDV
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TXHHQKHDGIDWERG\ODQHTXHHQRYDU\ODQHVDQG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JODQGVIURPIRUDJHUVODQHVDQGWZRLQGHSHQGHQWVDPSOHVRISRROHGK\SRSKDU\QJHDOJODQGVIURPQXUVH
EHHV7KHDQWLERG\UHFRJQL]HGDEDQGRIN'DWKDWPDWFKHVWKHPROHFXODUZHLJKWRIYLWHOORJHQLQ
WUDQVIHUUHG WR RWKHU FRORQ\ PHPEHUV $PGDP DQG
FRZRUNHUV  WKHUHIRUH K\SRWKHVL]HG WKDW
YLWHOORJHQLQ ZDV XWLOL]HG LQ WKH V\QWKHVLV RI EURRG
IRRG EXW WKDW WKH SURWHLQ ZDV QRW WUDQVIHUUHG
GLUHFWO\ E\ WURSKDOOD[LV +RZHYHU D SULRU VWXG\
WKDW XVHG LPPXQRHOHFWURSKRUHVLV WR WHVW IRU
SUHVHQFH RI YLWHOORJHQLQ KDG FRQFOXGHG WKDW
YLWHOORJHQLQ LV DEVHQW IURP EURRG IRRG 5XW] DQG
/VFKHU  2XU ILQGLQJV FDOO IRU D
PRGLILFDWLRQ RI WKH SURSRVLWLRQ RI 5XW] DQG
/VFKHU  DV ZH GHPRQVWUDWH WKDW
YLWHOORJHQLQ LV SUHVHQW LQ WKH FHQWUDO GXFW RI WKH
K\SRSKDU\QJHDO JODQGV WKDW FRQWDLQV QHZO\
V\QWKHVL]HG EURRG IRRG )LJXUH ± 7KLV UHVXOW
LV IXUWKHU VXSSRUWHG E\ WKH :HVWHUQ EORW ZKLFK
VKRZV VLJQLILFDQW DPRXQWV RI YLWHOORJHQLQ LQ
K\SRSKDU\QJHDO JODQGV RI QXUVH EHHV DQG YHU\
ORZ OHYHOV LQ WKH K\SRSKDU\QJHDO JODQGV RI
IRUDJHUV )LJXUH  7KH GLVFUHSDQF\ EHWZHHQ
WKHVH UHVXOWV DQG WKH GDWD RI 5XW] DQG /VFKHU
 FDQ EH DVFULEHG WR GLIIHUHQFHV LQ VHQVLWLYLW\
DQG VSHFLILFLW\ RI WKH PHWKRGV :LWK XVH RI
FRQYHQWLRQDO OLJKW PLFURVFRS\ DQG LPPXQR
ODEHOLQJ GLVFULPLQDWLRQ RI VWDLQLQJ EHWZHHQ
WLVVXHV FHOOV DQG FHOO FRPSDUWPHQWV LV IHDVLEOH
,PPXQRHOHFWURSKRUHVLV GRHV QRW RIIHU WKH VDPH
UHVROXWLRQ 7KH LQVLJKW WKDW YLWHOORJHQLQ SURWHLQ
LQGHHG LV SUHVHQW LQ EURRG IRRG LV UHOHYDQW WR
FXUUHQW UHVHDUFK EHFDXVH LW KDV EHHQ SURSRVHG
WKDW HYROXWLRQ RI WKH K\SRSKDU\QJHDO JODQG
WUDQVIHUV\VWHP IRU YLWHOORJHQLQ RU
YLWHOORJHQLQGHULYHG FRPSRQHQWV FRQWULEXWHG WR
VSHFLDOL]DWLRQ RI WKH WHPSRUDO QXUVH EHH DQG
IRUDJHU FDVWH RI WKH KRQH\EHH $PGDP HW DO

0RUHRYHU UHFHQW GDWD LQGLFDWH WKDW WKH
K\SRSKDU\QJHDO JODQGV LQ DGGLWLRQ WR D UROH LQ
LQWHULQGLYLGXDO QRXULVKPHQW FDQ KDYH D VWRUDJH
IXQFWLRQ VLPLODU WR D UROH SURSRVHG IRU WKH
DEGRPLQDO IDW ERG\ $PGDP DQG 2PKROW 
%HHV NHSW LQ WKH DEVHQFH RI EURRG LH GLXWLQXV
ZRUNHUV RU ZLQWHU EHHV KDYH K\SHUWURSKLHG JODQG
DFLQL WKDW PD\ UHVXOW ZKHQ VHFUHWLRQV RI WKH
JODQGV DUH VWRUHG LQ YHVLFOHV 'HVH\Q DQG %LOOHQ
 )DW ERG\ WLVVXHV OLNHZLVH VKRZ
DFFXPXODWLRQ RI DOEXPLQRLGDO SURWHLQ
FRQWDLQLQJ JUDQXOHV LQ ORQJOLYHG ZRUNHUV RI
FRORQLHV ZLWKRXW EURRG .RHKOHU  2XU
UHVXOWV VKRZ WKDW VLPLODU JUDQXOHV LQ ZRUNHU KHDG
IDW ERG\ FDQ EH YLWHOORJHQLQ SRVLWLYH )LJ  7KXV
WKH GDWD SUHVHQWHG KHUH DUH FRQVLVWHQW ZLWK D
G\QDPLF SK\VLRORJ\ WKDW DOORZV YLWHOORJHQLQ WR EH
WHPSRUDU\ VWRUHG LQ WKH K\SRSKDU\QJHDO JODQGV
DQG IDW ERG\ WLVVXHV RI KRQH\EHHV DV SUHYLRXVO\
K\SRWKHVL]HGE\ $PGDPDQG2PKROW
7KH GHWHFWHG SUHVHQFH RI YLWHOORJHQLQ SURWHLQ LQ
ZRUNHU KHDG IDW ERG\ LV RI LQWHUHVW DOVR EH\RQG WKH
FRQWH[W RI KRQH\EHH VWRUDJH SURWHLQ G\QDPLFV
9LWHOORJHQLQ KDV EHHQ K\SRWKHVL]HG WR DIIHFW WKH
DOODWRUHJXODWRU\ MXYHQLOH KRUPRQH FRQWUROOLQJ
V\VWHP FORVH WR WKH EUDLQ DQG WKHUHE\ WKH VRFLDO
EHKDYLRU RI ZRUNHU EHHV $PGDP DQG 2PKROW
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 *XLGXJOL HW DO  $V \HW WKH XQGHUO\LQJ
PHFKDQLVP LV QRW XQGHUVWRRG EXW D FRQQHFWLRQ
EHWZHHQ YLWHOORJHQLQ DQG LQVXOLQLQVXOLQOLNH
VLJQDOLQJ ,,6 ZKLFK LQ WXUQ PRGXODWHV WKH
DOODWRUHJXODWRU\ V\VWHP LV D SURSRVHG H[SODQDWLRQ
+XQW et al  3DJH DQG $PGDP  ,Q
Drosophila ,,6 DFWV LQ IDW ERG\ WLVVXH WR LQIOXHQFH
WKH OLIH KLVWRU\ RI DGXOWV *LDQQDNRX HW DO 
DQG WKH KHDG IDW ERG\ DSSHDUV WR EH RI SDUWLFXODU
LPSRUWDQFH +ZDQJER HW DO  ,Q KRQH\EHH
ZRUNHUV DQG TXHHQV ,,6 LQ KHDG IDW ERG\ LV
VXSSRUWHG E\ WKH UHFHQW LPPXQRGHWHFWLRQ RI
$P&+,&2 WKH KRQH\EHH LQVXOLQ UHFHSWRU
VXEVWUDWH SURWHLQ 6& 6HHKXXV ) :ROVFKLQ *9
$PGDP XQSXEOLVKHG GDWD 7KH LQWHUIDFH
EHWZHHQ KHDG IDW ERG\ YLWHOORJHQLQ DQG ,,6 DQG
LWV SRVVLEOH UHODWLRQVKLS WR EHKDYLRU DUH XQGHU
VWXG\
1RWH WKDW GXULQJ WKH GHYHORSPHQW RI WKH SURWRFRO
LW ZDV IRXQG WKDW RSWLPDO WHPSHUDWXUH DQG WLPH
IRU H[SRVXUH WR WKH VLOYHU HQKDQFHPHQW VWHS LV
FULWLFDO IRU WKH LPPXQRJROG SURFHGXUH VHH
0HWKRGV 7KH HIILFLHQF\ RI WKLV VWHS LV VHQVLWLYH WR
DPELHQW WHPSHUDWXUH DQG FDUH PXVW EH WDNHQ WR
REWDLQ D SDUWLFOH VL]H WKDW LV DGHTXDWH IRU
REVHUYDWLRQ LQ OLJKW PLFURVFRS\ 2YHUH[SRVXUH
OHDGV WR SUHFLSLWDWLRQ RI VLOYHU WKDW FRYHUV WKH
WLVVXH DQG REVFXUHV SRVLWLYH VLJQDOV
8QGHUH[SRVXUH OHDGV WR VPDOO SDUWLFOHV WKDW DUH
LQFRPSDWLEOH ZLWK EULJKW ILHOG GHWHFWLRQ DW ORZHU
PDJQLILFDWLRQV ,Q WKLV FRQWH[W LW LV XVHIXO WR QRWH
WKDW GDUN ILHOG GHWHFWLRQ LV OHVV VHQVLWLYH WR
SDUWLFOH VL]H WKDQ EULJKW ILHOG GHWHFWLRQ $V D UXOH
GDUN ILHOG LV D YDOXDEOH WRRO IRU GHWHFWLRQ RI ORZ
GHQVLW\ VWDLQLQJ DW ORZHU PDJQLILFDWLRQV  [ ±
 [ ZKHUHDV EULJKW ILHOG GHWHFWLRQ LV PRUH WKDQ
DGHTXDWH DW KLJKHU PDJQLILFDWLRQV  [ ±  [
LH )LJXUH YV )LJXUH
$ PDMRU DGYDQWDJH RI LPPXQRKLVWRFKHPLFDO
PHWKRGV LV WKDW WKH\ DUH UHODWLYHO\ HDV\ WR
UHSOLFDWH RQFH D SURWRFRO KDV EHHQ HVWDEOLVKHG LH
&RVWD DQG /RXTXH  %DR HW DO 
+ZDQJER HW DO  7KLV UREXVWQHVV DOORZV IRU
VFUHHQLQJ RI DQ DUUD\ RI VDPSOHV DQG WLVVXH W\SHV
DQG SURYLGHV RSSRUWXQLWLHV WR SLQSRLQW
SKHQRPHQD IRU IXUWKHU DQDO\VLV E\ RWKHU PHWKRGV
7KH SURFHGXUH LV VHQVLWLYH DQG FDQ SURYLGH
KLJKUHVROXWLRQ LQIRUPDWLRQ DV H[HPSOLILHG E\ WKH
LQGLFDWLRQ RI PHPEUDQH WUDQVSRUW RI YLWHOORJHQLQ
)LJXUH  $QRWKHU DGYDQWDJH LV WKDW LW FDQ
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